INTRODUCTION
Relatively few bacterial within the class Actinobacteriu : (i) Streptomyces (Waksman & Henrici, 1943) genera containing LL-(Streptomycetaceae) ; (ii) Sporichthya (Lechevalier et diaminopimelic acid (LL-A,pm) in the cell wall peptidoglycan are known when compared to the number of genera containing meso-diaminopimelic acid. However, the number of such taxa has recently been considerably increased. The actinomycete genera containing LL-diaminopimelic acid in the cell wall fall in five phylogenetic lineages that represent five families Abbreviation : LL-A,pm, LL-diaminopimelic acid.
The GenBank accession numbers for the 165 rDNA sequences of 'Nocardioides fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 determined in this work are AF005017 and AF005020, respectively.
al., 1968; Rainey et al., 1993 ) (Sporichthyaceae); (iii) Nocardioides (Prauser, 1976) and Aeromicrobium (Miller et al., 199 1) (Nocardioidaceae) ; (iv) Intrasporangium (Kalakoutskii et al., 1967) , Terrabacter (Collins et al., 1989) and Terracoccus (Prauser et al., 1997) (Intrasporangiaceue) ; (v) Propioniferax , Luteococcus , Microhatus (Nakamura et al., 1995) and Friedrnanniellu (Schumann et al., 1997) (Propionibacteriaceae) . In this study, a new genus containing LLdiaminopimelic acid in the peptidoglycan is proposed. 16s rDNA sequence analysis shows that two strains identified previously as members of the genus Nocardioides, namely ' Nocardioides fulvus' I F 0 14399 (Ruan & Zhang, 1979) and Nocardioides sp. ATCC 39419 (Matson & Bush, 1989) form phylogenetic lineages distinct from Nocardioides species. Therefore, we investigated the phenotypic characters of these two strains to determine their taxonomic positions. On the basis of our data, we propose that they should be established as members of a new genus, Kribbella gen. nov. Nesterenko et al. (1985) proposed the family Nocardioidaceae to accommodate the genera Nocardioides (Prauser, 1976) and Pimelobacter (Suzuki & Komagata, 1983) . However, three Pimelobacter species were transferred to the genus Nocardioides or reclassified as the genus Terrabacter (Collins et al., 1989) . Before the proposal of Nesterenko et al. (1985) , O'Donnell et al. (1982) proposed that Arthrobacter simplex (Pimelobacter simplex) should be assigned to the genus Nocardioides as N. simplex. Pimelobacter jensenii was transferred to the genus Nocardioides as N. jensenii and Pimelobacter tumescens was reclassified in the new genus Terrabacter as T. tumescens (Collins et al., 1989) . T. tumescens was shown to be distantly related to the genus Nocardioides from phylogenetic inference based on 16s rRNA sequences (Collins et al., 1989; . Therefore, the genus Nocardioides was the only member of the family Nocardioidaceae before the genus Aeromicrobium was included in the family .
The genus Aeromicrobium, which is phylogenetically related to the genus Nocardioides, was proposed by Miller et al. (1991) . In our study, the new genus, Kribbella was found to be phylogenetically related to the genera Nocardioides and Aeromicrobium despite differences in some chemotaxonomic characters and formation of lines of descent distinct from the genera Nocardioides and Aeromicrobium. It is thought appropriate that the genera Nocardioides and Aeromicrobium and the new genus Kribbella are grouped in a single family. Therefore, we propose that the new genus is included in the family Nocardioidaceae.
METHODS
Bacterial strains and culture conditions. ' N . fulvus' IF0 14399 and Nocardioides sp. ATCC 39419 were ususally cultivated at 30 "C on International Streptomyces Project (ISP) medium no. 2, which contains (1-l) 4 g yeast extract, 10 g malt extract and 4 g glucose (pH 7.3). The two strains were also cultivated on nutrient agar (Difco), trypticase soy agar (Difco), glucose-asparagine agar (Lindenbein, 1952) and ISP agar media nos 1,3,4, 5 and 7 (Shirling & Gottlieb, 1966) to examine the morphological characteristics. The two strains and some reference strains were also grown for 4 d on nutrient agar (Difco) for fatty acid methyl ester (FAME) Morphological and physiological tests. The morphology of cells was examined by light microscopy and scanning electron microscopy. Catalase activity was determined by bubble formation in a 3 % hydrogen peroxide solution. Oxidase activity was determined by oxidation of 1 % tetramethyl-p-phenylenediamine. Hydrolyses of gelatin, casein and starch, and production of urease were determined as described by Cowan & Steel (1965) . Hydrolyses of aesculin and arbutin were determined according to the method of Kurup & Fink (1975) . Hydrolysis of elastin was determined according to the method of Williams et al. (1983) . Tests for utilization of various substrates as sole carbon and energy sources were performed as described by Shirling & Gottlieb (1966) except that CuSO, was not included in the trace salts solution.
Most of the substrates were tested at a concentration of 1 O/ O (w/v); the exception was glycerol (0.1 %, w/v). The utilization results from the two strains were checked over 4 weeks. Isolation of DNA. Chromosomal DNA was isolated and purified according to the method described previously (Yoon et al., 1996) . Chemotaxonomic characterizations. The diamino acid of the peptidoglycan was determined by the method described previously (Komagata & Suzuki, 1987) . The amino acid molar ratio of the peptidoglycan was determined as described previously (Sasaki et al., 1998) . Menaquinones were analysed as described previously (Komagata & Suzuki, 1987) using reversed-phase HPLC. Fatty acids were extracted and analysed according to the instructions of the Microbial Identification System (MIDI ; Microbial ID).
Polar lipids were extracted and analysed by the procedure described by Minnikin et al. (1984) . Determination of G + C content. The G + C content was determined by the method of Tamaoka & Komagata (1984) . DNA was hydrolysed and dephosphorylated, and the resulting nucleosides were analysed by reversed-phase HPLC. DNA-DNA hybridization. DNA-DNA hybridization to determine genomic relatedness was performed by the dot-blot C18:l w9c C,,., is0 I* iso-C,, : iso-C,,: iso-C,, : 3-OH iso-C,, : anteiso-C,, :, iso-C,,:, H* iso-C,, : iso-C,,:
iso-C,, : , w9c anteiso-C,, : , w9c anteiso-C,, :o iso-C,,: ? Summed features represent groups of two or three fatty acids which could not be separated by GLC with the MIDI system. Collins (1991) . The 16s rDNA similarity values were calculated from the alignment and the evolutionary distances were calculated by using Kimura two-parameter correction with the CLUSTAL w software (Thompson et al., 1994) . A phylogenetic tree was constructed by using the neighbour-joining method (Saitou & Nei, 1987) on the basis of distance matrix data.
RESULTS

Morphological and physiological characters
' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 exhibited mycelial structures on most media. Mycelial structures were observed best on ISP agar medium no. 3 (oatmeal agar). Vegetative mycelia showed hyphae which were extensively branched and penetrated into agar media ; they often fragmented into rod-to coccoid-shaped and rod elements. Aerial mycelia consisted of hyphae that fragmented into short to elongated rod-like elements (Fig. 1) ATCC 39419 had significant amounts of iso-C,,,, and iso-C,,: , (Table 2) 
Phylogenetic analysis
The nearly complete nucleotide sequences of 16s rDNAs from the two strains were determined directly, following PCR amplification. et al., 1982; . The which was used as reference strain.
DISCUSSION
Two ' Nocardioides fulvus' strains were proposed by Ruan & Zhang (1979) . In our recent 16s rDNA sequence analysis (Yoon et al., 1998a) , ' N . fulvus' JCM 3335T (strain 71-N86T) showed 16s rDNA sequences identical to that of N. luteus KCTC 9575T, whereas ' N . fulvus' IF0 14399 (strain 65-N86) showed a low level of 16s rDNA similarity of 91.3-93.5 YO to ' N. fulvus' JCM 3335T and the type strains of the genus Nocardioides. ' N. fulvus' IF0 14399 showed its highest level of 16s rDNA similarity of 99 % to Nocardioides sp. ATCC 39419, which also showed low levels of 16s rDNA similarity of 91.3-93.5 YO to the type strains of the genus Nocardioides. This observation led us to examine the exact taxonomic positions of ' N . fulvus' IF0 14399 and Nocardioides sp. ATCC 39419 by using additional taxonomic traits such as phenotypic, particularly chemotaxonomic, characters.
actinomycete genera which contain MK-9(H4) as the major menaquinone among LL-A,pm-containing taxa include A e rom icr o bium , Fr iedmann iella, Lu teo coccus, Microlunatus, Propioniferax and representatives of the genus Propionibacterium (Schumann et al., 1997) .
Cellular fatty acid profiles show that ' N . fulvus' IF0 14399 and Nocardioides sp. ATCC 39419 are clearly distinguishable from the members of the genus Aeromicrobium as well as the genus Nocardioides. The genus Nocardioides has significant amounts of iso-Cl6:, and 10-methyl branched acids as its major fatty acids, and the genus Aeromicrobium has significant amounts of c,,: o , c,, : 1, and 10-methyl-C,, : ,, as its major fatty acids. However, the major fatty acid found in ' N . fulvus' IF0 14399 and Nocardioides sp. ATCC 39419 is anteiso-C,,:,, which is scarcely detected in the members of the genera Nocardioides and Aeromicrobium ( Table 2 ). ' N . fulvus' IF0 14399 and Table 3 . Differential characteristics of 'Nocardioides fulvus' I F 0 14399, Nocardioides sp. ATCC 3941 9 and LL-A, pm-cont a i n in g re I ated taxa Data for LL-A,pm-containing related taxa are from Schumann et al. (1997) . MK-8 (H,) MK-8(H4) MK-9( H,) MK-9(H4) MK-9( H4) MK-9( H4) MK-9(H4) MK-9( H4) Nocardioides sp. ATCC 39419 are also distinguished from the genera Luteococcus, Friedmanniella, Microlunatus and Propioniferax, which have only single species, by cellular fatty acid profiles. The genus Luteococcus has significant amounts of C,, : , and c 1 6 : , as its major fatty acids (Schumann et al., 1997) . The genera Friedmanniella, Microlunatus and Propioniferax have anteiso-C,,,, as the major fatty acid (Schumann et al., 1997) , which is the same as that of ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419. However, apart from the major fatty acids, the rest of the fatty acid profiles of the three genera are different from those of ' N . fulvus' IF0 14399 and Nocardioides sp. ATCC 3941 9, although standardized conditions between them were not used. The three genera have iso-C,, : , as the second most predominant fatty acid and other fatty acids exist only in minor amounts (Schumann et al., 1997) . However, ' N. fulvus' I F 0 14399 had significant amounts (more than 10%) of iso-C,,,, and iso-C16:, H, and Nocardioides sp. ATCC 39419 had significant amounts (more than 10 YO) of iso-C,,: and iso-C,,: ( Table 2) . Diagnostic polar lipid profiles also show that ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 differ from other LL-A,pm-containing taxa in the presence of phosphatidylcholine ( Table 3 ). Considering that phosphatidylcholine has been not found in the other LL-A,pm-containing taxa, ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 must be highly interesting taxa. (Schumann et al., 1997) . Among existing taxa containing LL-A,pm and MK-9(H4) only Propionibacterium propionicum shows a cellular structure of branching filaments (Charfreitag et al., 1988) , but this can be differentiated from ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 by the different amino acid at position 1 of the peptide subunit (Table 3) .
Taxon
Despite the similarity of several chemotaxonomic characters between ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 and some genera containing LL-diaminopimelic acid, in particular, the genera Friedmanniella, Microlunatus and Propioniferax, they are phylogenetically distinct from each other. The phylogenetic tree shows that ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 form a phylogenetic lineage distinct from other LL-diaminopimelic-acid-containing taxa and some other actinomycete taxa (Fig. 2) . Nevertheless, ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 are thought to form phylogenetic lineages that are related to the genera Nocardioides and Aeromicrobium, which are members of the family Nocardioidaceae . The amino acid at position 1 of the (Wayne et al., 1987) . In addition, recent studies have shown that the two strains have distinct differences in size and nucleotide similarity of the 16s-23s internally transcribed spacer (ITS) (Yoon et al., 1998b) . The size of the 16s-23s ITS of ' N . fulvus' I F 0 14399 is 473 bp long, whereas Nocardioides sp. ATCC 39419 has two types of 16s-23s ITSs on the genome, which are 429 and 439 bp long. ' N . fulvus' IF0 14399 exhibited levels of 16s-23s ITS nucleotide similarity of 73.6 and 75.4 YO to Nocardioides sp. ATCC 39419. The two strains also showed a difference in the composition of predominant fatty acids except for the major fatty acid, and some differences in physiological characters (Table 2) . On the basis of phenotypic and phylogenetic data, ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 should be differentiated from other genera containing LL-diaminopimelic acid in the cell wall. Also, ' N . fulvus' I F 0 14399 and Nocardioides sp. ATCC 39419 are considered as different species by data based on DNA-DNA relatedness and differences in some phenotypic properties. Consequently, a new genus, Kribbella gen. nov., and two new species, Kribbella javida gen. nov., sp. nov. and Kribbella sandramycini gen. nov., sp. nov., are proposed. Descriptions of these taxa are given below.
Description of Kribbella gen. nov. Kribbella (Kribbxl'la. M. L. dim. fem. ending -ella; M.L. fern. n. Kribbella arbitrary name formed from the acronym of the Korea Research Institute of Bioscience and Biotechnology, KRIBB, where taxonomic studies of this taxon were performed). Vegetative mycelium shows hyphae which are extensively branched and penetrate into agar media; they often fragment into rod-to coccoid-shaped and rod elements. Aerial mycelium consists of hyphae that fragment into short to elongated rod-like elements. Colonies are pasty and have lichenous shapes and irregular edges. Strictly aerobic. Gram-variable.
Non-acid-fast. Catalase-, oxidase-and ureasepositive. Contains LL-diaminopimelic acid as the diamino acid in the cell wall peptidoglycan (wall chemotype I). The predominant menaquinone is MK-9(H4). The fatty acid profile consists of large amounts of branched fatty acids and the major cellular fatty acid is anteiso-C,,:,. The polar lipid is phosphatidylcholine. The genomic DNA G + C content is 68-70 mol %. The type species is Kribbella Javida.
Description of Kribbella flavida sp. nov.
Kribbella flavida (fla'vi.da. L. fem. adj. flavida pale yellow) .
Vegetative mycelium shows hyphae which are extensively branched and penetrate into agar media ; they often fragment into rod-to coccoid-shaped and rod elements. Aerial mycelium consists of hyphae that fragment into short to elongated rod-like elements. Colonies are pasty and have lichenous shapes with irregular edges. Strictly aerobic. Gram-variable. Non-acid-fast. Catalase-, oxidase-and ureasepositive. Arbutin, casein, elastin, aesculin and Tween 80 are hydrolysed. Starch is not hydrolysed. Substrates utilized as a sole carbon and energy sources are listed in Table 1 . Growth occurs at pH 5 and 9. Growth occurs at 20 and 37 "C, occurs weakly at 40 "C and does not occur at 45 "C. The major cellular fatty acid is anteiso-C,,: , and significant amounts (more than 10 Yo) of iso-C,,,, and iso-C,,,, H are also found. The genomic DNA G + C content is 70 mol% (as determined by HPLC). Isolated from soil. The type strain is strain I F 0 14399T (= KCTC 9580T).
Description of Kribbella sandramycini sp. nov.
Kribbella sandramycini (san.dra.my.ci'ni. M.L. n. sandrarnycini referring to an antibiotic, sandramycin).
Vegetative mycelium shows hyphae which are extensively branched and penetrate into agar media ; they often fragment into rod-to coccoid-shaped and rod elements. Aerial mycelium consists of hyphae that fragment into short to elongated rod-like elements. Colonies are pasty and have lichenous shapes with irregular edges. Strictly aerobic. Gram-variable. Non-acid-fast. Catalase-, oxidase-and ureasepositive. Arbutin, casein, elastin, aesculin and Tween 80 are hydrolysed. Starch is weakly hydrolysed. Substrates utilized as a sole carbon and energy sources are listed in Table 1 . Growth occurs at pH 5 and 9. Growth occurs at 20 and 37 "C, occurs weakly at 40 "C and does not occur at 45 "C. The major cellular fatty acid is anteiso-C,,: , and significant amounts (more than 10 YO) of iso-C,, :, and iso-C1,:, are also found. The genomic DNA G + C content is 68.3 mol% (as determined by HPLC). Isolated from a soil in Mexico. Produces an antibiotic, sandramycin. The type strain is strain ATCC 39419T (= KCTC 9609T).
